Introduction
Adult living donor liver transplantation (LDLT) has been successfully established to save the life of patients with end-staged liver diseases and to reduce the need of deceased donation [1] . The surgical techniques of LDLT have been largely improved in the past decade, reflected by the low morbidity of donor hepatectomy and high graft and recipient survivals [2] . However, the reconstruction of the biliary tract remains one of the largest challenges to liver transplant surgeons [3] . A high incidence of biliary complications has been reported, reaching up to 67%, in early series of studies [3] [4] [5] [6] [7] . Through the technical refinement, the incidence of biliary complications has been reduced, but still reaches up to 40% in recent studies [8] [9] [10] .
The high incidence of biliary complications in LDLT is mainly associated with various factors, including the anatomical variation of the biliary tract, the microcirculatory supply of bile duct, the arterial complications, and the experience of surgeons. Duct-to-duct anastomosis is currently a favorable method to reconstruct the biliary tract in LDLT. Technically easier manipulation and the preservation of physiologic bilioenteric continuity are two main advantages over Roux-en-Y hepaticojejunostomy by performing duct-to-duct anastomosis. However, a continuously high incidence of leakage and stricture at the anastomic site indicates that duct-to-duct anastomosis is still the Achilles' heel in LDLT. In this cohort study, we analyzed our series of LDLT with regard to decision-making in the reconstruction of the biliary tract with respect to anatomical variations and in case of biliary complications, the ways of management.
Patients and methods

Patients and study design
A cohort study aiming to analyze the feasibility of duct-toduct reconstruction of the biliary tract in LDLT was conducted. Between March 2004 and December 2006, 32 adult patients with end-staged liver diseases received right lobe liver grafts from live donors at the University of Regensburg Medical Center. Hepaticocholedochostomy was performed in 30 of 32 recipients. Two of 32 recipients received Roux-en-Y hepaticojejunostomy due to the anatomical impossibility; a combined LDLT and Whipple's operation was performed in one case, and other one was due to the presence of four bile ducts in liver graft. These two patients were, therefore, excluded from this study.
Donor evaluation
An Evaluation Program for Living Donor Liver Transplantation including ABO compatibility, normal liver function, and negative serology for viral hepatitis was established at the University of Regensburg Medical Center and was approved by government according to the German Transplantation Law. Computer tomography with volumetry was performed to determine the size of the right lobe graft with or without involvement of the middle hepatic vein. Approximately 1% of estimated graft weight/recipient weight was considered as a suitable ratio for live donation.
Donor hepatectomy
A right hepatectomy (liver segments V to VIII) was performed without vascular inflow occlusion as described. Intraoperative cholangiography via the cystic duct cannulation was routinely performed in order to define the exact anatomy of the biliary tract and to identify the line of the transection of the right hepatic duct. The right hepatic duct was divided sharply using fine scissors with at least 1-mm margin from the bifurcation prior to parenchymal transection. The number of hepatic duct orifices was carefully re-examined in backtable. The hepatic ducts were carefully rinsed with saline before implantation.
Recipient operation and reconstruction of biliary tract
Standard LDLT was performed after total hepatectomy with preservation of the inferior vena cava as described. Following portal reperfusion and hemostasis, the hepatic artery was reconstructed via end-to-end anastomosis between donor right hepatic artery and recipient right hepatic artery (in the majority of cases) using 8-0 Prolene. Biliary continuity was achieved via hepaticocholedochostomy in 30 of 32 cases and Roux-en-Y choledochojejunostomy in two of 32 recipients.
Principally, hepaticocholedochostomy was aimed at all cases, unless more than three hepatic duct orifices were found in the liver graft. All duct-to-duct anastomosis was performed with a continuous suture using 6-0 PDS with the BV-1 fine needle. In liver grafts with one bile duct, the anastomosis was performed in end-to-end or end-to-side manner (Fig. 1a) , which is dependent on the congruence of donor/recipient bile ducts. In liver grafts with two or three bile ducts, the adjacent hepatic ducts were primarily sutured together to create a common orifice followed by an end-to-end anastomosis (Fig. 1b, c) . If one of the hepatic ducts located separately, an additional end-to-end anastomosis with the recipient hepatic duct, cystic duct, or end-to-side anastomosis with recipient common bile duct would be performed (Fig. 1d-f) . The accessory bile ducts with diameter less than 1 mm were ligated. The placing of an intraductal stent or T-drainage was not routinely indicated in our series of LDLT.
Postoperative management
Immunosuppressive therapy following liver transplantation consisted of a Cyclosporin A-based drug regimen with MMF and steroids. Steroids were generally tapered within 3 months after transplantation. Postoperative ICU stay was indicated for all donors and recipients. Doppler ultrasound was performed daily for the first three postoperative days and then whenever clinically indicated. CMV prophylaxis was given to all recipients with a negative CMV serology receiving a liver graft with positive CMV serology.
Statistical analysis
All patient data were analyzed with statistical software (SPSS version 13). The differences of means between groups were compared with one-way ANOVA. P<0.05 was considered as statistical significance.
Results
Overall results
The overall incidence of biliary complications after LDLT in our series was 23.3% (in seven of 30 recipients). Median follow-up was 50 months, ranging from 36 to 69 months. The early incidence (≤90 days) of biliary complications after LDLT was 13.3% (in four of 30 recipients), and the late incidence (>90 days) of biliary complications was 10% (in three of 30 recipients).
Comparison of recipient data with or without biliary complications
There was no significant difference between recipients with or without biliary complications in terms of donor or recipient age, sex ratio, body mass index, graft weight, graft/recipient weight ratio, cold and warm ischemic time of the graft, MELD score, and etiology of recipients (Table 1 ). In comparison with recipients without biliary complications, the median operative time was slightly longer, without reaching statistical significance, in recipients with biliary complications. There was no difference in terms of the levels of transaminases between recipients with or without biliary complications. The cholestatic parameters were elevated on posttransplant day 7 in recipients with biliary complications as compared with those without biliary complications. Furthermore, the hospital stay was prolonged in recipients with biliary complications as compared with those without biliary complications (Table 2) . Interestingly, there was no hospital mortality in patients with biliary complication. Hospital mortality was occurred in (four of 24) recipients without biliary complications. On multivariate analysis, no single risk factor associated with biliary complication could be identified.
Methods for biliary reconstruction
In the study, the primary intension for biliary reconstruction is duct-to-duct hepaticocholedochostomy. The types and frequency of the individual method used are summarized in Table 3 . There was one graft hepatic duct in 19 of 30 recipients. Therefore, the most frequent method for biliary reconstruction in our series was end-to-end anastomosis between a solitary graft hepatic duct and the recipient common hepatic duct using a continuous suture technique (n=18). End-to-side anastomsis was done between the solitary graft bile duct and the recipient common bile duct due to the duct lumen incongruence in one case. Complex reconstruction of the biliary tract (Fig. 1b-f ) was done in grafts with biliary variances. There were more than two hepatic ducts in 11 of 30 grafts. The gap between the orifices Fig. 1 Surgical techniques for bile duct reconstruction using continues suture in live donor liver transplantation. a One duct and one end-to-end or end-to-side anastomosis that based on the size of lumen. b Two ducts with one common truck and one anastomosis. c Three ducts with one common truck and one anastomosis. d Two ducts with end-to-end anastomosis to common hepatic duct and cystic duct separately. e Two ducts with end-to-side anastomosis to common hepatic duct or common bile duct. f Three ducts with creation of one common truck for two ducts and separately anastomosis to left and right hepatic ducts of two or three adjacent hepatic ducts were sutured to achieve one common orifice, which was subsequently anastomosed with common hepatic duct or common bile duct using the continuous suture technique in seven of 11 recipients. In three of 11 recipients, it was not possible to achieve one common orifice between two graft hepatic ducts; therefore, two graft hepatic ducts were anastomosed separately with the common hepatic duct and the cystic duct of recipient, respectively. In one graft with three hepatic ducts, one common orifice was achieved between two adjacent hepatic ducts of graft and was then anastomosed with the left hepatic duct of the recipient. The third graft hepatic duct was subsequently anastomosed with the right hepatic duct of recipient.
Biliary complications and their managements
The incidence of biliary complications in our series of ductto-duct hepaticocholedochostomy was 13.3% (in four of 11 recipients) in early posttransplant phase (less than 90 days) and 10% (in three of 11 recipients) in later posttransplant phase (more than 90 days, Table 3 ).
In early posttransplant phase, biliary stricture developed in two recipients with one graft hepatic duct and one anastomosis (Table 3 , Fig. 2a) . It was treated with early reoperation and Roux-en-Y hepaticojejunostomy in one recipient. This recipient recovered adequately and was discharged with normal liver biochemistry. The second patient with biliary stricture was treated via endoscopic retrograde cholangiopancreatography (ERCP), unfortunately leading to biliary perforation in the region of anastomosis and also secondary branches of the graft hepatic duct. The resulting bile leaks could not be adequately treated by placement of intraductal stents. It was subsequently treated with reoperation and Roux-en-Y hepaticojejunostomy. The recipient recovered thereafter and discharged with normal liver biochemistry. Biliary leakage occurred in two of the recipients, one with one graft hepatic duct and one anastomosis, and the other one with two graft hepatic ducts and two anastomoses. Both recipients were treated with reoperation and Roux-en-Y hepaticojejunostomy. They were discharged with normal liver biochemistry.
In later posttransplant phase, biliary stricture developed in two recipients, one with one graft hepatic duct and one anastomosis, and the other one with two graft hepatic ducts and one anastomosis (Table 3, Fig. 2b ). Both recipients were treated primarily with ERCP and with placement of intraductal stent. They recovered adequately and were discharged with normal liver biochemistry. One recipient developed biliary leakage at bile duct anastomotic site leading to formation of bilioma, which resulted in extrahepatic bile duct necrosis with normal hepatic artery perfusion at 6 month after transplantation. Reoperation and reconstruction of the biliary tract with Roux-en-Y hepaticojejunostomy were performed. The patient recovered from the operation and was discharged with normal liver biochemistry. Data were summarized in Fig. 2 
Discussion
In this cohort study, we demonstrated the methods for duct-toduct hepaticocholedochostomy with relatively low incidence of biliary complications in LDLT. There is no consensus among transplant surgeons regarding the biliary reconstruction in LDLT. This is, on one hand, due to the anatomical variance of biliary tract in right lobe graft [11] ; on the other hand, the Table 2 Comparison of data of patients with or without biliary complication methods for the biliary reconstruction may largely depend upon the experiences of transplant surgeons. The improvement of the overall results of biliary reconstruction in recent years is probably attributed by the more precise investigation of the location of biliary tract and its division to avoid two or three bile duct openings and by the modification of surgical technique in the biliary reconstruction [5] . A significant reduction of biliary complications was observed in recently reported series. However, up to 40% biliary complications are still the most serious morbidity and, in some cases, lead to hospital mortality in the recipients of LDLT [8] .
For the precise investigation of graft biliary tract, it has been suggested that preoperative magnetic resonance cholangiopancreatography (MRCP) and ERCP may be helpful in understanding the secondary branches of biliary tract in right lobe graft. However, similar results can also be achieved by an intraoperative cholangiography, which may be more convenient and helpful to the transplant surgeons to make the decision [5] . Nowadays, intraoperative cholangiography has become a standard procedure in donor operation of LDLT. The need of preoperative MRCP and ERCP for donor operation is still an open question. We did not perform preoperative ERCP and MRCP in our study. The overall rate of two or three graft hepatic duct openings was 36.6% in our series, which is comparable with the recently reported series with or without preoperative ERCP and/or MRCP, ranging from 39.7% to 50% [9] . This may suggest that preoperative ERCP and MRCP are not a must for donor operation. An intraoperative cholangiography is sufficient to identify the cutting line of right hepatic duct.
Reconstruction of biliary tract with Roux-enhepaticojejunostomy was a dominant procedure in early series of LDLT [5] , which showed an acceptable result in terms of biliary complications through the improvement of surgical technique. Interestingly, duct-to-duct hepaticocholedochostomy has become more popular in recent series of LDLT among transplant centers. Reasons for popularization of duct-to-duct hepaticocholedochostomy may consist of technically easier and quicker procedure, preservation of physiologic bilioenteric continuity, and easier endoscopic intervention after LDLT. Indeed, the better understanding of the blood supply of bile ducts and its anatomical variation is the basis for the improvement of surgical technique for biliary reconstruction. Therefore, the preservation of bile duct vascularization has become a critical step during donor right lobe hepatectomy [11] . Since it is possible to obtain single graft hepatic duct orifice in more than 50% of grafts, duct-to-duct hepaticocholedochostomy is more feasible than Roux-en-choledochojejunostomy.
There is no standard procedure for the duct-to-duct hepaticocholedochostomy in LDLT. In general, it is believed that a duct-to-duct hepaticocholedochostomy can always be done between two good vascularized bile ducts without extensive anastomotic tension. In our study, superior attention was paid to the preservation of axial periductal microcirculation and avoidance of the dissection of the connective tissue between right hepatic artery and right hepatic duct during donor right lobe hepatectomy. The graft hepatic ducts would be re-examined and rinsed carefully with saline in backtable. The decision on how bile ducts would be reconstructed would be made in this period. Moreover, superior attention would also be paid in preservation of sufficient length of good vascularized bile duct for the tension-free anastomosis in recipient hepatectomy. It might also be helpful by doing the anastomosis with microsurgical technique [12] . The duct- to-duct anastomosis with or without previous graft ductoplasty was done using continuous suture technique in all cases of our series (see Fig. 1 ). With this strategy, there were 13.3% biliary complications in early posttransplant phase and 10% in later posttransplant phase in our series, which is lower than the recent reported series. In addition, there was no mortality that was associated with biliary complications in our series of LDLT. There was still the discussion among transplant surgeons, whether intraductal stent or T-tube should be placed during or after duct-to-duct hepaticocholedochostomy [5, 13, 14] . In our study, no intraductal stent was placed during the biliary reconstruction. T-tube would generally be placed in highrisked duct-to-duct hepaticocholedochostomy. T-tube was placed in four of seven recipients with graft ductoplasty. There were not biliary complications in recipients with Tdrainage, whereas one of three recipients with graft ductoplasty, who did not have T-drainage, suffered from biliary stricture in later posttransplant phase (data not shown). This suggests that T-drainage may be helpful after the "highrisked" duct-to duct anastomosis in patients with more than two ducts anastomosis and under perioperative high-dose of catecholamine or under hemofiltration. However, this question can only be answered with a prospective study.
Despite the technical refinement, biliary complications are still unavoidable in most of transplant centers. The management of biliary complications is a main issue in the control of posttransplant morbidity of LDLT recipients. Unlike the reported series, we preferred to solve the early biliary stricture or leakage with reoperation and with Rouxen-hepaticojejunostomy, once indicated. There was iatrogenic bile duct perforation occurring in one case of our series with biliary stricture in early posttransplant phase, which was treated with endoscopic intervention. This may indicate that there is a higher risk of iatrogenic damage of graft bile tract in early posttransplant phase. Reoperation might superior than endoscopic intervention, whenever the recipient's condition allows in this period. To treat the recipients with late biliary complications, which are dominated with biliary stricture, endoscopic intervention is one of the best choices. In our study, two recipients with biliary stricture were successfully treated with ERCP and stenting.
In conclusion, duct-to-duct hepaticocholedochostomy with continuous suture technique is a feasible and safe procedure for the biliary reconstruction in LDLT. This was reflected by low incidence of biliary complications in our series. Once the complications occur, aggressive approach with reoperation is recommended in early posttransplant phase. Endoscopic intervention can be preserved for the late biliary complication.
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